and depressive symptomology is more than twice as common than clinical depression. 1, 3 Depression and CHD health outcomes have a grade-dependent relationship, and even subclinical depressive symptoms have been linked to increased healthcare utilization and mortality. 4, 5 Some evidence suggests this relationship is partially explained by biological (e.g., inflammation, platelet activation, hypothalamic-pituitaryadrenal (HPA) axis dysregulation) and behavioral pathways (e.g., health behaviors). The majority of CHD patients do not follow the recommended health behaviors necessary to benefit cardiac health 6, 7 and adherence is even lower among those with depressive symptomology. 8, 9 Understanding how depressed mood exerts an influence on multiple health behaviors, and how to efficiently assess this in the outpatient setting is important for clinic-based screening and interventions to improve health behaviors and outcomes. 5, 10 One possible mechanism that links depressed mood to health outcomes is perceived health competence, which can be assessed by a two-item measure. Perceived health competence is an individual's confidence in his/her ability to successfully engineer solutions to achieve general health goals. 11 It is a broader concept than self-efficacy, which pertains to an individual's belief in his/her ability to execute specific behaviors in specific situations (and therefore generally requires multiple Procedures facilitated data collection in a large sample of outpatients by minimizing burden on participants and clinics. Study enrollment occurred between August 2014 and September 2015. Eligibility was determined in a review of electronic health records. Eligible patients who were scheduled for upcoming cardiology or primary care visit at VUMC or nearby VHAN sites were recruited in person by research staff. Additional approaches (e.g., email, mail, and telephone) were used to accommodate patients who missed their appointment, did not have an upcoming visit, or received care at other VHAN sites. All participants provided informed consent and were compensated $10 to complete a 15-30-minute survey. Based on patient preference, surveys were completed via hard copy questionnaires, a secure web-based survey tool (REDCap 19 ), or telephone.
Participants
Eligibility was determined via a computable CHD phenotype. Briefly, individuals were considered to have CHD if they had (1) two outpatient visits on separate days with billing codes for prior myocardial infarction or obstructive coronary artery disease, or (2) one inpatient or outpatient procedure code for coronary artery bypass or percutaneous transluminal coronary angioplasty.
Individuals were excluded from the study if they were currently receiving hospice or were under 30 years of age (to exclude congenital non-atherosclerotic coronary disease). Additional exclusion criteria included impaired cognition (dementia, schizophrenia, or bipolar disorder documented in the medical chart), significant hearing loss, non-English speaking, or when the patient's illness severity prevented them from completing the survey after initial contact was made. If patients had difficulty reading, research assistants read the questions aloud.
Analyses indicated the demographic composition and clinical health of the recruited sample was similar to the larger Mid-South CDRN patient population. 18 
Main Measures
The majority of questionnaire items were selected from the PCORI common data model 20 and the recommendations of the PCORI Patient-Reported Outcomes Task Force. All items were reviewed for clarity, content, and face validity by laypeople in a community engagement studio. 21 Depressed Mood is one of two cardinal symptoms of clinical depression. 22 Patients self-reported how frequently they Bfelt depressed^in the past 7 days, an item from the Patient Reported Outcomes Measurement Information System (PROMIS), a project which aims to create unidimensional item banks and derive short, psychometrically valid measures. 23 Responses were recorded on a 5-point scale from Bnever^to Balways^with higher scores indicating greater severity. Studies have confirmed construct validity of the PROMIS Depression Short-Form in various medical populations. 24, 25 Additionally, the single-item of depressed mood was the most efficient indicator of depressive symptoms, 26 correlating 0.827 and accounting for 68% of the total variance in a larger item bank.
Perceived Health Competence was assessed through the two-item Perceived Health Competence Scale (PHCS-2), a shortened version of the original eight-item PHCS. 27 The PHCS-2 has strong convergent validity with the full PHCS and is associated with health behaviors and quality of life. 15, 28 Patients were asked to indicate how much they agreed with the following statements: BI am able to do things for my health as well as most other people^and BIt is difficult for me to find effective solutions for my health problems.^Response options were on a five-point scale ranging from Bstrongly disagree^to Bstrongly agree.^The second question was reversed coded; then the items were summed, with higher scores indicating greater perceived health competence.
Health behaviors were measured using an index constructed from five domains (diet, physical activity, medication adherence, smoking, and alcohol use), modeling procedures outlined in previous work. 15 Domain scores were rescaled to fit a range of scores from 1 (the least healthy behaviors) to 5 (the most healthy behaviors). The final index score was the sum of the five domain scores and ranged from 5 to 25. Index scores were only computed when all five domains were present.
Healthy diet was assessed with the single-item Healthy Eating Index-2010 from the National Health and Nutrition Examination Survey. 29 Individuals were asked: BIn general, how healthy is your overall diet?^Responses were made on a five-point scale from Bpoor^(1) to Bexcellent^(5). The Healthy Eating Index-2010 is a reliable and valid measure that distinguishes the healthfulness of diets 30 and yields comparable results to longer assessments of 24-hour dietary recall. 31 Physical activity was assessed through the short version of the International Physical Activity Questionnaire (IPAQ), a valid and reliable 32 seven-item survey that assesses an individual's activity across multiple physical activity domains. 33 Total metabolic (MET) minutes per week were calculated in accordance with established guidelines. 33 Similar to previous research, 34 individuals were assigned categorical scores for activity levels: 1 for low activity (e.g., < 600 METs), 3 for moderate activity (e.g., ≥ 600 METs and< 3000 METs), and 5 for high activity (e.g., 3000 METs+).
Medication adherence was assessed through a question asking patients Bhow many days in the past week did you miss taking one or more of your prescription medicines?^This valid single item has predicted hospitalization and mortality in past CHD populations 35 and is included in the PCORI Core and Recommended Patient-Reported Outcomes Common Measures as well as other measure sets. 36 Patients responded with the number of days (0 to 7) they missed medications or that they were not currently taking any prescription medications. The number of days missed was reverse scored and rescaled to create a continuous value ranging from 1 to 5, where 5 indicates better adherence.
Smoking was assessed with a series of questions from the National Adult Tobacco Survey (CDC 2009 (CDC -2010 . 37 Recent epidemiological work indicates current smoking intensity is a stronger predictor of cardiovascular disease outcomes than packyears. 38 We therefore operationalized smoking behavior by the current number of cigarettes smoked per day. Never or past smokers smoked zero cigarettes per day. Next, cigarettes per day were rescaled and reversed, such that the heaviest smokers were assigned a 1 and never or past smokers were assigned a 5.
Alcohol use was measured with two questions from the Alcohol Use Disorder Inventory Test. 39 Following earlier work in cardiovascular populations, 15 heavier use was coded as 1, no use was coded as 3, and light-moderate use was coded as 5. In prior dose-response epidemiological studies, individuals with light to moderate alcohol consumption are at the lowest risk for negative cardiovascular outcomes. 40, 41 Covariates included sociodemographic items-age, difficulty paying monthly bills, gender, marital status, race and ethnicity. Relationship status was coded as living with a spouse/partner versus not. Minority status was calculated from race and ethnicity with non-Whites and Hispanics considered as minorities.
Data Analysis
Variations in patient characteristics, perceived health competence and health behaviors by depressed mood levels were summarized. Next, a mediation model was constructed to evaluate the relationships among depressed mood, perceived health competence, and the Health Behaviors Index. All estimated paths were adjusted with covariates. The covariates were prespecified based on previously documented associations with depressed mood, perceived health competence, and health behaviors. Models were adjusted to include sex, minority status, age, relationship status, and financial strain (i.e., difficulty paying monthly bills). We used listwise deletion to handle missing data; only participants with complete data were retained in analyses.
The mediation model was conducted using a bootstrapping approach to path analysis with the PROCESS syntax 42 in IBM SPSS Statistics 24. 43 Ordinary least squares regression was used to estimate the relationship of each path in the mediation model (Fig. 1) . Path a estimates the relationship between depressed mood and perceived health competence while path b estimates the relationship between perceived health competence and the Health Behaviors Index while adjusted for depressed mood. Path c estimates the relationship between depressed mood and the Health Behaviors Index without the mediator in the model (the total effect). Path c' estimates the relationship between depressed mood and the Health Behaviors Index with perceived health competence in the model (the direct effect). Lastly, the mediation effect is represented by path ab (the indirect effect), which represents the indirect influence of depressed mood on the Health Behaviors Index through perceived health competence.
All path estimations were bias-corrected using 10,000 bootstrap samples with replacement, and 95% confidence intervals were obtained from the upper and lower limits of the sampling distribution. In contrast to the causal steps approach of mediation, which indirectly infers significance of a mediator based on the significance of paths between the predictor, mediator and outcome variables, 44 bootstrapping directly tests the product of a and b paths, and whether or not zero falls within the confidence interval around the parameter of the indirect effect. 45 This bootstrapping approach results in more accurate estimates of confidence intervals because it is less susceptible to sample size 45 and makes no assumption of the normality of the ab path. 42, 46 State of the art mediation methods do not compare the size of the total (path c) and direct paths (path c') to determine the degree of mediation. 45, 47 Rather, the ratio of the indirect to the total effect (P M ) provides information on the relative size of the mediation effect. 47 The characteristics of this dataset permit the usage of P M given the sample size (N > 500), the consistent direction of the indirect and total effects, and because the total effect was greater than the indirect effect. 47, 48 
RESULTS

Sample
The final sample included 2334 patients with CHD (Table 1) . Depressed mood was reported by 0.9% of the sample as occurring Balways,^4.5% as Boften,^21.9% as Bsometimes,2 7.3% as Brarely,^and 45.4% as Bnever.^Perceived health competence had a median score of 8 (out of 10) and an interquartile range of 6 to 10. The degree to which participants engaged in each of the five health behaviors that comprise the index are shown in Table 1 . An index score was only computed when all five subindices were present. A total of 271 patients were excluded from subsequent analyses due to missing data. Excluded patients and those retained in the sample of n = 2334 for mediation analyses had similar characteristics.
Descriptive statistics summarizing how perceived health competence and health behaviors varied by each level of depressed mood are presented in Table 2 . Overall, healthier behaviors and higher perceived health competence were more common among participants reporting the least depressed mood except for medication adherence, which was similar regardless of the degree of depressed mood reported. Additionally, while heavier alcohol use was present at similar levels regardless of depressed mood, light to moderate use was more prevalent when depressed mood was lower.
Mediation Figure 1 visually represents the mediation results. The standardized regression coefficients of each path and covariate in the mediation model are reported in Table 2 . Depressed mood was associated with lower perceived health competence (a = − 0.21, p < 0.001) and predicted worse health behaviors in the model unadjusted for perceived health competence (total effect, c = − 0.14, p < 0.001). Lower perceived health competence was associated with worse health behaviors (b = 0.18, p < 0.001) after adjustment for depressed mood. The indirect effect was significant (ab = − 0.04, 95% CI: − 0.05 to − 0.03), indicating mediation. The ratio of the indirect to the total effect (P M = 0.26, 95% CI: 0.18 to 0.39) shows that the indirect effect (ab) was approximately a quarter as large as the total effect of depressed mood on health behaviors (c).
In the fully adjusted mediation model, a few covariates remained significant predictors of worse health behaviors: patients who did not live with a spouse or partner and had more financial strain reported worse health behaviors (all p < 0.001). In contrast, individuals with higher education levels were more likely to engage in health behaviors (p < 0.001). Minority status, age, and gender did not independently predict health behaviors.
DISCUSSION
In this study of outpatients with CHD, depressed mood influenced performance on a Health Behaviors Index directly and indirectly through perceived health competence (Table 3 ).
These findings suggest that the lower perceived health competence experienced by outpatients with depressed mood may be one mechanism linking depressed mood to worse health behaviors among patients with CHD, 8, 9 accounting for approximately a quarter of the total effect of depressed mood on health behaviors.
The two-item Perceived Health Competence Scale may be a useful risk marker of poor health behaviors and an intervention target to improve multiple health behaviors in outpatients with depressed mood. While depressed mood continued to exert a direct impact on health behaviors with perceived health competence in the model, a finding consistent with previous work, 15 targeting depressed mood alone might not be effective. Depression interventions have inconsistent effects on CHD health outcomes, 49 perhaps because they generally focus on improving mood 50 and changing mood alone is insufficient to spark behavior change. [51] [52] [53] Self-efficacy interventions that target specific behaviors may increase physical activity levels, 54 vegetable and fruit intake, 55 and medication adherence. 56 Future studies of health coaching interventions that build perceived health competence 57 are needed to establish if perceived health competence can exert positive effects across multiple health behaviors.
While depressed mood significantly impacted health behaviors both directly and indirectly, the overall mediation model explained about a fifth of the total variance in health behaviors. Similarly, depressed mood had a limited effect on health behaviors without perceived health competence in the model. For every one standard deviation increase in depressed mood, the Health Behaviors Index decreased by approximately one sixth standard deviation. These smaller sizes may be due to the breadth of the Health Behaviors Index. For example, age and gender were not related to health behaviors assessed in the index. Perhaps older adults have lower physical activity and women have healthier diets, but neither of the demographic variables consistently exerted an influence on the other health behaviors in the index. Using the index was necessary; however, to study whether or not perceived health competence, a broad construct hypothesized to influence multiple health behaviors, performed as expected. This study had several limitations. First, longitudinal mediation studies that manipulate the predictor and mediator are necessary to examine causality. 58 In our cross-sectional design, it remains possible that an unmeasured construct, such as pessimism or social desirability bias, may be affecting depressed mood, perceived health competence, and health behaviors in a manner consistent with our findings. Additionally, greater perceived health competence may decrease depressed mood and improve health behaviors. Second, although study demographics reflect the patients within the Mid-South CDRN, results may not generalize to minority populations given low representation in this sample. Third, our assessment of depressed mood did not include anhedonia, a marker of depression which some studies suggest may be particularly cardiotoxic. 59 Fourth, we categorized lightmoderate alcohol use as the healthiest level of alcohol consumption in the health behavior index because of prior observational evidence indicating patients with lightmoderate use have the least cardiovascular risk; 40, 41 however, the relationship between alcohol use and outcomes for CHD patients remains complex and it is possible that healthier patients choose light-moderate drinking instead of lightmoderate drinking positively influencing health. In the absence of randomized trials, we made this decision but alternative decisions about the classification of healthy levels of alcohol consumption could be supported. Lastly, single item measures were used to assess diet, medication adherence, and depressed mood while longer measures possibly would have greater reliability and/or validity; 60 however, these single-item measures were found to have validity in prior research and community engagement studios 21 and facilitate pragmatic studies in clinical settings with low participant and provider burden, a primary study design goal under the Clinical Data Research Networks.
Overall, our findings suggest lowered perceived health competence may be one of the reasons why depressed mood has a negative impact on the multiple health behaviors known to impact cardiovascular health. Perceived health competence can be quickly assessed in outpatient settings and may provide insight into a patient's likelihood of engaging in a variety of health behaviors. Since depressed mood also directly impacts health behaviors, interventions targeting both depressed mood and perceived health competence may be necessary to improve a wide range of recommended health behaviors. All paths are presented in standardized regression coefficients (see Fig. 1 for alternate depiction of mediation analyses)
